EP 3 193 181 A1

(19)

Europdisches
Patentamt

European

Patent Office

Office européen
des brevets

(12)

(11) EP 3193 181 A1

EUROPEAN PATENT APPLICATION

published in accordance with Art. 153(4) EPC

(43) Date of publication:
19.07.2017 Bulletin 2017/29

(21) Application number: 15839194.6

(22) Date of filing: 31.08.2015

(86)

(87)

(51) IntClL:

HO1M 10/42 (2006.01)
HO1M 10/48 (2006.01)

GO1R 31/36 (2006.01)
HO1M 10/44 (2006.01)
HO02J 7/00 (2006.01)

International application number:
PCT/JP2015/074666

International publication number:
WO 2016/039204 (17.03.2016 Gazette 2016/11)

(84) Designated Contracting States:
AL AT BE BG CH CY CZDE DK EE ES FIFRGB
GRHRHUIEISITLILTLULVMC MKMT NL NO
PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA ME
Designated Validation States:
MA
(30) Priority: 12.09.2014 JP 2014186347
(71) Applicant: NTN Corporation
Osaka-shi, Osaka 550-0003 (JP)

(72)

(74)

Inventors:

* NODA, Hiroyuki
Kuwana-shi
Mie 511-8678 (JP)

¢ MIZUTANI, Masatoshi
Kuwana-shi
Mie 511-8678 (JP)

¢ MORI, Natsuhiko

Kuwana-shi

Mie 511-8678 (JP)

Representative: Maikowski & Ninnemann
Patentanwailte Partnerschaft mbB
Postfach 15 09 20

10671 Berlin (DE)

(54) BATTERY CHECKER

(57) A battery checker (1) is provided with: voltage
application unit (3) configured to apply an AC voltage to
abattery (2) tobe measured;ripple voltage measurement
unit (4) configured to measure aripple voltage contained
in a terminal voltage of the battery (2); and electric power
storage level detection unit (5) configured to detect an
electric power storage level of the battery (2) by compar-

ing the measured ripple voltage with a set reference (R).
The voltage application unit (3) includes a transformer
(8) that transforms voltage for an alternating current of
an AC power supply (7) such as a commercial AC power
supply, and an output circuit (9) that applies, to the battery
(2), an alternating current with transformed voltage.
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Description

CROSS REFERENCE TO THE RELATED APPLICA-
TION

[0001] This application is based on and claims Con-
vention priority to Japanese patent application No.
2014-186347, filed September 12, 2014, the entire dis-
closure of which is herein incorporated by reference as
a part of this application.

BACKGROUND OF THE INVENTION
(Field of the Invention)

[0002] The presentinventionrelates toabattery check-
er that detects an electric power storage level such as a
fully charged state during charging of a rechargeable bat-
tery and remaining power of the battery in various devic-
es, each having the rechargeable battery, such as an
electric vehicle, a smart phone, a rechargeable dry bat-
tery, and a DIY electric tool.

(Description of Related Art)

[0003] Conventionally, a rectified and smoothed DC
power has been used to charge a battery, and an electric
power storage state such as a fully charged state of the
battery has been checked by detecting the terminal volt-
age of the battery (e.g., see Patent Documents 1 and 2).
As adevice thatis designed for research and experimen-
tal applications for measuring a very low resistance value
such as aninternalresistance of a battery, a battery tester
orinternal resistance measuring instrument that uses an
AC four-terminal method is commercially available (Non-
Patent Document 1).

[Related Document]
[Patent Document]
[0004]

[Patent Document 1] JP Laid-open Patent Publica-
tion No. 2004-38029
[Patent Document 2] JP Laid-open Patent Publica-
tion No. H10-170615

[Non-Patent Document]

[0005] [Non-Patent Document 1] Battery tester/inter-
nal resistance measuring instrument using AC four-ter-
minal method, IW7807-BP (Datasheet and manual,
Rev.1.7.1, February 16, 2015, Tokyo Devices), (ht-
tps://tokyodevices.jp/system/attach-
ments/files/000/000/298/original/IW7807-BP-
F_MANUAL.pdf)

[0006] With the conventional methods for checking the
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electric power storage state from the terminal voltage of
the battery, it is difficult to know an accurate electric pow-
er storage state. Accordingly, overcharge occurs espe-
cially during quick charging, and a problem may arise
that a battery lifespan is shortened. Therefore, the inven-
tors of the present invention have paid attention to a pro-
portional relationship between the internal resistance
and the electric power storage level of a battery, and
considered detecting the electric power storage level by
detecting the internal resistance. The internal resistance
ofthe battery can be detected with high precision by using
the internal resistance measuring instrument.

[0007] However, the conventional internal resistance
measuring instruments are devices intended forresearch
and experimental applications and are expensive, and it
is difficult to use the instruments for general purposes.
Moreover, a measured value varies due to, for example,
a resistance value being varied depending on how the
terminal is placed, and it is therefore difficult for ordinary
people to perform accurate measurement with the instru-
ments.

SUMMARY OF THE INVENTION

[0008] The present invention is made to solve the
above-described problem, and an object of the invention
is to provide a battery checker that can detect an electric
power storage level of a battery with high precision and
prevent overcharge during charging with a simple con-
figuration.

[0009] A battery checker according to the present in-
vention includes: a voltage application unit configured to
apply or input an AC voltage to a battery to be measured;
aripple voltage measurement unit configured to measure
a ripple voltage contained in a terminal voltage of the
battery; and an electric power storage level detection unit
configured to detect an electric power storage level of
the battery by comparing the ripple voltage measured by
the ripple voltage measurement unit with a set reference.
The ripple voltage measurement unit may be connected
between output terminals, which are connected to the
battery, of the voltage application unit.

[0010] As used herein, "ripple voltage" refers to a volt-
age that is superimposed on a direct current component,
having periodical fluctuation.

[0011] Attention is paid to the proportional relationship
between the internal resistance and the charged state of
the battery, and the battery checker having this configu-
ration is configured to detect the electric power storage
level by measuring the internal resistance, and to apply
a voltage for measurement in the AC state so as to allow
the internal resistance to be accurately measured with
ease. The application of the AC voltage causes genera-
tion of aripple voltage in a terminal voltage of the battery.
The fluctuating range, that is, the amplitude of the ripple
voltage is proportional to the internal resistance of the
battery. In addition, the internal resistance of the battery
decreases as charging progresses. Accordingly, the fluc-
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tuating range of the terminal voltage of the battery is
measured by the ripple voltage measurement unit and
the detected ripple voltage is compared with the set ref-
erence by the electric power storage level detection unit,
whereby the electric power storage level of the battery
can be accurately detected.

[0012] Although the set reference is a reference that
is generated as appropriate for determining an electric
power storage level that can be known or obtained from
the relationship between the ripple voltage and the inter-
nalresistance, it may be a reference directly representing
the relationship between the ripple voltage and the elec-
tric power storage level, without particularly representing
the internal resistance as a resistance value. The set
reference may be represented as a curve that indicates
the relationship between the ripple voltage and the elec-
tric power storage level, or may simply be a value repre-
senting a predetermined electric power storage state
such as a fully charged state as a fixed threshold value
of the ripple voltage.

[0013] Since the electric power storage level of the bat-
tery can be accurately detected in this manner, a fully
charged state during charging can be detected with high
precision, and overcharge during quick charging or the
like can be avoided, thereby preventing reduction in the
lifespan of the battery. Furthermore, the above-described
accurate detection of the electric power storage level can
be performed with a simple configuration merely includ-
ing the voltage application unit configured to apply an
alternating current, and the ripple voltage measurement
unit and the electric power storage level detection unit
that have the above-described configurations.

[0014] In the battery checker according to an embod-
iment of the present invention, the voltage application
unit may include a transformer configured to transform a
voltage of an AC power supply to a voltage suitable for
a voltage of the battery, and an output circuit configured
to apply, to the battery, the AC voltage transformed by
the transformer.

[0015] Inthe case of this configuration, by using an AC
100V commercial power supply or the like for general
household use or the like as the AC power supply, the
voltage application unit can have a simple configuration
merely including a transformer and a circuit that simply
outputs the AC voltage transformed by the transformer.
[0016] In the battery checker according to an embod-
iment of the present invention, the electric power storage
level detection unit may include a reference storage unit
configured to store, as the set reference, a plurality of
battery type-specific references corresponding to types
of the battery to be detected or measured, and a refer-
ence switching unit configured to switch between the plu-
rality of battery type-specific references.

[0017] Therelationship between the ripple voltage and
the internal resistance differs, for example, according to
the types of the battery such as a lead battery, a man-
ganese battery, and a lithium ion battery, or according to
the voltage varying with the number of stacked cells in
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the battery. Therefore, by setting the plurality of battery
type-specific references and providing the reference
switching unit, application to various batteries is possible.
The reference switching unit may switch the reference
for each use. Alternatively, the reference switching unit
may switch the reference once, and thereafter use one
battery type-specific reference as a fixed reference, so
thatthe battery checker may be used as a battery checker
dedicated to a predetermined battery.

[0018] In the battery checker according to an embod-
iment of the present invention, the ripple voltage meas-
urement unit may include a capacitor connected to an
output terminal on a positive electrode side of the battery,
an amplifier configured to amplify a voltage between the
capacitor and a terminal on a negative electrode side of
the battery, and a voltmeter configured to measure a rip-
ple voltage amplified by the amplifier. Since the capacitor
is interposed between the battery and the amplifier, a DC
voltage of the battery is not applied to the amplifier, and
only a ripple voltage of the battery is applied to the am-
plifier, thereby making it possible to measure the ripple
voltage with high precision.

[0019] Any combination of at least two constructions,
disclosed in the appended claims and/or the specification
and/or the accompanying drawings should be construed
as included within the scope of the present invention. In
particular, any combination of two or more of the append-
ed claims should be equally construed as included within
the scope of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] Inany event, the present invention will become
more clearly understood from the following description
of preferred embodiments thereof, when taken in con-
junction with the accompanying drawings. However, the
embodiments and the drawings are given only for the
purpose of illustration and explanation, and are not to be
taken as limiting the scope of the present invention in
any way whatsoever, which scope is to be determined
by the appended claims. In the accompanying drawings,
like reference numerals are used to denote like parts
throughout the several views, and:

Fig. 1 is an explanatory diagram showing a circuit
configuration of a battery checker according to an
embodiment of the present invention by using an
electric circuit and blocks.

DESCRIPTION OF EMBODIMENTS

[0021] An embodiment of the present invention will be
described in conjunction with the drawings. A battery
checker 1 of the present embodiment includes a voltage
application unit 3 configured to apply an AC voltage to a
battery 2 to be measured, a ripple voltage measurement
unit 4 configured to measure a ripple voltage contained
inaterminalvoltage of the battery 2, and an electric power
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storage level detection unit 5 configured to detectan elec-
tric power storage level of the battery 2 by comparing the
ripple voltage measured by the ripple voltage measure-
ment unit 4 with a set reference R. In addition to these,
the battery checker 1 includes an electric power storage
level notification unit 6 configured to make notification of
the electric power storage level detected by the electric
power storage level detection unit 5. Although the battery
2 is mounted in a battery mounting device 15, it may be
in a stand-alone state. The battery mounting device 15
may be any device that has a rechargeable battery 2.
Examples thereof include a charging socket for a re-
chargeable dry battery, an electric vehicle, a smart
phone, a personal computer, and a DIY electric tool.
[0022] The voltage application unit 3 includes a trans-
former 8 that transforms a voltage of an AC power supply
7 toavoltage suitable for checking a voltage of the battery
2, and an output circuit 9 that applies or inputs, to the
battery 2, the AC voltage transformed by the transformer
8. Although the voltage suitable for checking the voltage
of the battery 2 differs depending on the capacity of the
battery 2, it may be a voltage that is higher than the volt-
age of the fully charged battery 2 by several volts (2 to 3
V) or more, for example. The AC power supply 7 is, for
example, a single-phase 100V or 200V AC commercial
power supply. Input terminals 10 such as a plug that is
inserted into an outlet (not shown) in the wiring of the AC
power supply 7 are provided to an upstream of the trans-
former 8.

[0023] The output circuit9 may be configured to output
to output terminals 11 which apply, to the battery 2 or the
battery mounting device 15, the AC voltage transformed
by the transformer 8. In the illustrated example, a current
limiting resistor 12 and a capacitor 16 for preventing the
passage of the DC voltage of the battery 2 are provided
between the output terminals 11, 11 and a secondary
coil of the transformer 8 in the output circuit 9. In order
to setthe ripple current value corresponding to the battery
2, the current limiting resistor 12 can be replaced with a
resistor having a different resistance value.

[0024] Theripple voltage measurement unit4 includes
an amplifier 17 that includes an operational amplifier or
the like, a capacitor 13, and a voltmeter 4a. The amplifier
17 is an amplifier that amplifies the voltage between two
differential input terminals. The output terminal 11 (11p)
on the positive electrode side of the battery 2 is connect-
ed, via the capacitor 13, to an input terminal of the am-
plifier 17 on the positive electrode side, and the output
terminal 11 (11n) on the negative electrode side of the
battery 2 is directly connected to an input terminal of the
amplifier 17 on the negative electrode side. Since the
capacitor 13 is interposed between the battery 2 and the
amplifier 17, the DC voltage of the battery 2 is not applied
to the amplifier 17, and only the ripple voltage of the bat-
tery 2 is applied to the amplifier 17. The ripple voltage
amplified by the amplifier 17 in this manner is measured
by the voltmeter 4a. The voltage between the output ter-
minals 11, 11 of the battery 2 is measured by another
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voltmeter 18 connected between the output terminals 11.
[0025] The electric power storage level detection unit
5includes a reference storage unit 19 configured to store,
as the set reference R, a plurality of battery type-specific
references Ra corresponding to respective types of the
battery 2 to be measured, and a reference switching unit
14 configured to switch between the plurality of battery
type-specific references Ra. The reference storage unit
19 includes an electronic circuit, a microcomputer, or the
like that includes a storage device having the set refer-
ence R stored therein. The reference switching unit 14
includes, for example, an operation device operated by
an operator, and a circuit, a program, or the like (each of
which is not shown) configured to switch between the
battery type-specific references Ra in response to the
operation of the operator.

[0026] Although the setreference R is a reference that
is generated as appropriate for indicating an electric pow-
er storage level that can be known or obtained from the
relationship between the ripple voltage and the internal
resistance, it may be a reference directly representing
the relationship between the ripple voltage and the elec-
tric power storage level, without particularly representing
the internal resistance as a resistance value. The set
reference R may be represented as a curve thatindicates
the relationship between the ripple voltage and the elec-
tric power storage level, or may simply be a value repre-
senting a fully charged state as a certain threshold value
of the ripple voltage.

[0027] The plurality of battery type-specific references
Rain the set reference R are set, for example, according
to the type of battery such as alead battery, amanganese
battery, or a lithium ion battery, according to the voltage
varying with the number of stacked cells in the battery 2,
or according to both of these. The reference switching
unit 14 may switch the reference for each use. Alterna-
tively, the reference switching unit 14 may switch the ref-
erence once, and thereafter use one battery type-specific
reference as a fixed reference, so that the battery checker
may be used as a battery checker dedicated to a prede-
termined battery.

[0028] The electric power storage level notification unit
6 is a unit configured to notify a person or a device of
information representing the electric power storage level
detected by the electric power storage level detection
unit 5, and includes an image display device having a
liquid crystal screen that indicates the electric power stor-
age level as an image such as a bar chart, or one or a
plurality of lamps that are controlled such that, according
to the electric power storage level, the number of lamps
that are lit up is changed, or the lamps are switched be-
tween a lit-up state, a blinking state, and the like. The
electric power storage level notification unit 6 may have
a function of stopping a charge performed by a charger
device (not shown) when the electric power storage level
is a fully charged state.

[0029] According to the battery checker 1 having this
configuration, an alternating current is applied to the bat-
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tery 2, so that aripple voltage is generated in the terminal
voltage of the battery 2. That is, the application of an
alternating current a shown in Fig. 1 to the battery 2 caus-
es generation of a ripple voltage b having a waveform
shown in Fig. 1. The fluctuating range, that is, the ampli-
tude of the ripple voltage is proportional to an internal
resistance r of the battery 2. The internal resistance r of
the battery 2 decreases as charging progresses. Accord-
ingly, as charging progresses, the ripple voltage b de-
creases as indicated by a waveform denoted by refer-
ence character "b".

[0030] Accordingly, the fluctuating range of the termi-
nal voltage of the battery 2 is measured by the ripple
voltage measurement unit 4 and the detected ripple volt-
age is compared with the set reference by the electric
power storage level detection unit 5, whereby the electric
power storage level of the battery 2 can be accurately
detected.

[0031] Since the electric power storage level of the bat-
tery 2 can be accurately detected in this manner, a fully
charged state during charging can be detected with high
precision, and overcharge during quick charging or the
like can be avoided, thereby preventing reduction in the
lifespan of the battery 2. Furthermore, the above-de-
scribed accurate detection of the electric power storage
levelcan be performed with a simple configuration merely
including the voltage application unit 3 configured to ap-
ply the alternating current, and the ripple voltage meas-
urement unit 4 and the electric power storage level de-
tection unit 5 that have the above-described configura-
tions.

[0032] Since the voltage application unit 3 in this ex-
ample includes the transformer 8 that transforms the volt-
age of the AC power supply 7 and the output circuit 9
that applies, to the battery 2, the voltage transformed by
the transformer 8, an AC 100V commercial power supply
or the like for general household use or the like can be
used as the AC power supply 7. Therefore, the voltage
application unit 3 is allowed to have a simple configura-
tion.

[0033] The electric power storage level detection unit
5includes the plurality of battery type-specific references
Ra corresponding to the respective types of the battery
2 to be detected and the reference switching unit 14 for
switching between the plurality of the battery type-spe-
cific references Ra, so that application to various types
of the battery 2 is possible.

[0034] Although the present invention has been fully
described in connection with the preferred embodiments
thereof with reference to the accompanying drawings,
those skilled in the art will readily conceive numerous
changes and modifications within the framework of ob-
viousness upon the reading of the specification herein
presented of the present invention. Accordingly, such
changes and modifications are, unless they depart from
the scope of the present invention as delivered from the
claims annexed hereto, to be construed as included
therein.
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[Reference Numerals]
[0035]

1 battery checker

2 battery

3 voltage application unit

4 ripple voltage measurement unit

4a voltmeter

5 electric power storage level detection unit

6 electric power storage level notification unit

7 AC power supply

8 transformer

9 output circuit

11p  output terminal on positive electrode side of bat-
tery

output terminal on negative electrode side of bat-
tery

15 battery mounting device

19 reference storage unit

R set reference

Ra battery type-specific reference

Claims
1. A battery checker comprising:

a voltage application unit configured to apply an
AC voltage to a battery to be measured;

a ripple voltage measurement unit configured to
measure a ripple voltage contained in a terminal
voltage of the battery; and

an electric power storage level detection unit
configured to detect an electric power storage
level of the battery by comparing the ripple volt-
age measured by the ripple voltage measure-
ment unit with a set reference.

2. The battery checker as claimed in claim 1, wherein
the voltage application unit includes a transformer
configured to transform a voltage of an AC power
supply to a voltage suitable for a voltage of the bat-
tery, and an output circuit configured to apply, to the
battery, the AC voltage transformed by the trans-
former.

3. The battery checker as claimed in claim 1 or 2,
wherein
the electric power storage level detection unit in-
cludes a reference storage unit configured to store,
as the set reference, a plurality of battery type-spe-
cific references corresponding to types of the battery
to be measured, and a reference switching unit con-
figured to switch between the plurality of battery type-
specific references.

4. The battery checker as claimed in any one of claims
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1 to 3, wherein

the ripple voltage measurement unit includes a ca-
pacitor connected to an output terminal on a positive
electrode side of the battery, an amplifier configured
to amplify a voltage between the capacitor and a
terminal on a negative electrode side of the battery,
and a voltmeter configured to measure a ripple volt-
age amplified by the amplifier.
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